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Abstract: A broad range of chronic conditions, including heart failure (HF), have been associated
with vitamin D deficiency. Existing clinical trials involving vitamin D supplementation in chronic
HF patients have been inconclusive. We sought to evaluate the outcomes of patients with vitamin D
supplementation, compared with a matched cohort using real-world big data of HF hospitalization.
This study was based on the Diagnosis Procedure Combination database in the Japanese Registry of
All Cardiac and Vascular Datasets (JROAD-DPC). After exclusion criteria, we identified 93,692 pa-
tients who were first hospitalized with HF between April 2012 and March 2017 (mean age was
79 ± 12 years, and 52.2% were male). Propensity score (PS) was estimated with logistic regression
model, with vitamin D supplementation as the dependent variable and clinically relevant covariates.
On PS-matched analysis with 10,974 patients, patients with vitamin D supplementation had lower
total in-hospital mortality (6.5 vs. 9.4%, odds ratio: 0.67, p < 0.001) and in-hospital mortality within
7 days and 30 days (0.9 vs. 2.5%, OR, 0.34, and 3.8 vs. 6.5%, OR: 0.56, both p < 0.001). In the sub-group
analysis, mortalities in patients with age < 75, diabetes, dyslipidemia, atrial arrhythmia, cancer,
renin-angiotensin system blocker, and β-blocker were not affected by vitamin D supplementation.
Patients with vitamin D supplementation had a lower in-hospital mortality for HF than patients
without vitamin D supplementation in the propensity matched cohort. The identification of specific
clinical characteristics in patients benefitting from vitamin D may be useful for determining targets
of future randomized control trials.
Keywords: heart failure; vitamin D; mortality; big data
1. Introduction
The main treatment medications for heart failure (HF) remains to be β-blockers,
angiotensin converting enzyme inhibitors, angiotensin receptor blockers, and aldosterone
receptor antagonists in the guidelines [1]. Although it is well known that these medications
can reduce the incidence of adverse cardiac events and improve cardiac function, HF is still
a main cause of death worldwide [2]. Thus, supplementary treatment methods continue to
be explored for improving the outcome of HF.
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Vitamin D is a steroid hormone belonging to a group of lipid-soluble vitamins. Re-
cently, many papers showed that a broad range of chronic conditions have been associated
with vitamin D deficiency [3–5]. Around 90% of chronic HF patients have insufficient
vitamin D levels, even in sunny climates [6,7]. Vitamin D has pleiotropic effects in the
pathology of chronic HF [8]. Despite current evidence regarding the association of vitamin
D with HF, there are many controversial results in previous clinical trials [9–11]. In these
trials, lack of a large sample size and the small number of high-risk patients are major
limitations. Our hypothesis was that vitamin D supplementation was associated with
a decreased risk of in-hospital death in HF patients with specific clinical characteristics.
Therefore, we sought to evaluate the outcomes of patients with vitamin D supplementation
compared with a matched cohort using real-world big data based on HF hospitalizations.
2. Materials and Methods
2.1. Study Population
The study population was composed of hospitalized patients between April 2012 and
March 2017 in The Japanese Registry of All Cardiac and Vascular Diseases and the Diagnosis
Procedure Combination (JROAD-DPC) database. JROAD-DPC is a nationwide registry, a
medical database with information of admission and discharge for cardiovascular diseases,
clinical examinations and treatment status, patient status and hospital overview. JROAD-
DPC database integrates the information composed by JROAD-DPC data, with analysis
data sets covering 5.1 million cases in 1022 hospitals between April 2012 and March 2017.
The identification of HF (I50.0, I50.1, I50.9) hospitalization was based on the International
Classification of Diseases (ICD)-10 diagnosis codes. Data regarding patient age and sex,
main diagnosis, comorbidity at admission, length of hospitalization and treatment content
were extracted from the database. We recruited 654,737 patients hospitalized with HF.
Diagnosis of HF was defined as the main diagnosis, admission-precipitating diagnosis or
most resource-consuming diagnosis. We excluded patients of unknown age (n = 1073),
readmission cases (n = 172,805), age < 20 years (n = 1477), death in 24 h after admission
(n = 10,298), planned hospitalization (n = 54,713), and incomplete data (n = 320,679). As
a result, total 93,692 (88,205 patients without vitamin D and 5487 patients with vitamin
D) were recruited to assess hospital mortality (Figure 1). For vitamin D supplementation,
oral 25(OH)D 3 (Calcifediol, Dedrogyl®) was prescribed at a daily dose of 0.5–1.0 µg/day
based on the attending physician’s discretion.
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2.2. Clinical Outcomes
The main outcome was in-hospital mortality (total number of deaths during hospital-
ization). Death ≤ 7 and 30 days after admission was assessed as secondary outcomes.
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2.3. Sample Matching
Propensity score (PS) matching was used to reduce confounding effects related to
differences in patient background. PS was estimated with a logistic regression model,
with vitamin D supplementation as the dependent variable and the following clinically
relevant covariates; age, sex, body mass index (BMI), smoking, New York Heart Associ-
ation functional classification (NYHA), comorbidities (hypertension: HT, diabetes: DM,
dyslipidemia: DL, osteoporosis, atrial fibrillation/atrial flutter: Af/AFL, stroke, myocar-
dial infarction: MI, peripheral vascular disease: PVD, renal disease, liver failure, chronic
obstructive pulmonary disease: COPD, rheumatoid arthritis: RA, dementia, cancer), treat-
ment (catecholamine, intra-aortic balloon pumping: IABP, percutaneous cardiopulmonary
support: PCPS, ventilation, hemodialysis: HD, percutaneous coronary intervention: PCI).
These covariates were chosen for their potential association with reference to risk factor
of heart failure and in-hospital mortality [12–14]. Matching was performed with greedy-
matching algorithm (ratio = 1:1 without replacement), with a caliper of width 0.2 standard
deviations of the logistic of the estimated propensity score. After matching, vitamin D and
non-vitamin D groups of 5487 patients each were included in the final analysis. The area
under the curve was 0.785 and the consistency of PS densities was matched after matching
(Supplemental Figure S1). The balance of each covariate before and after matching between
the 2 groups was evaluated by standardized differences. Absolute value of standardized
differences less than 10% was considered to be a relatively small imbalance. Because
the propensity score included cases in which vitamin D was used under the insurance
of Japan (renal disease, osteoporosis, and dialysis), we believed the propensity score ac-
counted for the factors that influence the prescription of vitamin D by general physicians
in this analysis.
2.4. Statistical Analysis
Continuous variables are expressed as mean ± SD for parameters with normal dis-
tribution, as median (interquartile range; IQR) for parameters with skewed distribution,
and categorical variables as proportion (%). We checked characteristics between groups
with and without vitamin D supplementation using standardized difference. After match-
ing, we estimated the OR for in-hospital mortality (total, within 7 days, 30 days) using
mixed-effects logistic regression model with each institute as a random effect. We also
analyzed subgroups in the PS-matched cohort. In-hospital mortality was assessed using
Kaplan–Meier curves and log-rank test to compare the two groups. To clarify the beneficial
group of vitamin D supplementation, odds ratios (ORs) and their 95% confidence interval
(CI) for in-hospital mortality were calculated using multivariate models of multinomial
logistic regression analysis in vitamin D (+) and vitamin D (−) groups. All statistical tests
were 2-sided and p values less than 0.05 were considered statistically significant. Statistical
analysis was performed using SAS version 9.4 and JMP version 14.0.
3. Results
3.1. Patient Characteristics
A total of 52.2% of patients in this study were male. Mean age was 79 ± 12 years, and
half of all patients had hypertension (52.9%). Over 60% of the patients were NYHA class III
or IV. Patients with vitamin D supplementation were more likely to have a history of chronic
kidney disease, osteoporosis, hypoparathyroidism, or hemodialysis. There are differences
for age, gender, BMI, smoking, hypertrophic cardiomyopathy, atrial fibrillation/atrial
flutter, and rheumatoid arthritis between two groups. Around 19.7% took angiotensin
converting enzyme inhibitors (ACE-I) or angiotensin-receptor blocker (ARB) and 9.1% took
beta-blockers. About 19.4% of the patients took loop diuretic and 10.1% took K-sparing
diuretics.
After propensity score matching, 10,974 patients were included in the survival analysis.
In the matched cohort, there were no significant differences between groups for age, gender,
comorbidities, and treatments (Table 1).
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Table 1. Baseline characteristics before and after propensity score matching.
Non Matching Matching
All Vit.D (+) Vit.D (−) std.diff (%) Vit.D (+) Vit.D (−) std.diff (%)
Number (n = 93,692) (n = 5487) (n = 88,205) (n = 5487) (n = 5487)
Age average(years) 79 ± 12 80 ± 11 79 ± 13 10.6 80 ± 11 81 ± 11 8.4
Age(%) 20–30 0.2 0.1 0.2 −1.7 0.1 0.1 2.7
30–40 0.8 0.4 0.8 −6.2 0.4 0.4 −0.2
40–50 2.4 1.4 2.4 −7.8 1.4 1.1 2.5
50–60 4.8 3.6 4.8 −6.3 3.6 3.1 2.6
60–70 12.1 10.8 12.2 −4.4 10.8 9.8 3.3
70–80 23.0 23.8 22.9 2.0 23.8 22.1 3.9
80–90 39.8 42.4 39.7 5.5 42.4 44.2 −3.8
>90 17.0 17.6 17.0 1.7 17.6 19.3 −4.2
Male (%) 52.2 33.9 53.4 −40.1 33.9 31.4 5.3
BMI 22.7 ± 5.0 21.8 ± 4.1 22.7 ± 5.0 −20.8 21.8 ± 4.1 21.7 ± 4.1 1.9
Smoking 30.2 21.1 30.8 −22.1 21.1 18.9 5.7
NYHA 1 12.2 12.8 12.2 1.9 12.8 13.2 −1.0
2 24.4 24.5 24.3 0.3 24.5 25.0 −1.2
3 32.2 32.1 32.2 −0.2 32.1 31.8 0.8
4 31.2 30.5 31.2 −1.5 30.5 30.0 1.1
Comorbidities (%)
Hypertension 52.9 48.8 53.2 −8.8 48.8 47.8 2.0
Diabetes mellitus 26.8 26.1 26.8 −1.7 26.1 25.1 2.2
Dyslipidemia 18.6 16.2 18.8 −6.7 16.2 14.9 3.7
Osteoporosis 3.0 24.5 1.7 72.1 24.5 21.2 7.1
Hypoparathyroidism <0.1 0.2 <0.1 5.0 0.2 <0.1 4.5
HCM 3.4 1.4 3.5 −14.1 1.4 1.6 −2.0
DCM 1.2 1.0 1.3 −2.9 1.0 1.2 −2.8
Cardiac Amyloidosis 0.1 0.1 0.1 −0.8 0.1 0.1 <0.1
Cardiac Sarcoidosis 0.3 0.5 0.3 3.0 0.5 0.2 4.5
Af/AFL 35.5 27.5 36.0 −18.3 27.5 27.2 0.8
AT 0.9 0.6 0.9 −2.9 0.6 0.7 −0.9
Stroke 8.3 7.5 8.3 −3.3 7.5 7.2 1.1
MI 10.3 7.9 10.5 −9.1 7.9 7.2 2.6
PVD 3.8 4.8 3.7 5.1 4.8 3.9 4.3
CKD 14.1 38.6 12.6 62.5 38.6 35.3 6.9
Liver failure 0.1 0.1 0.1 −0.8 0.1 0.2 −2.7
COPD 7.4 6.1 7.5 −5.6 6.1 5.3 3.6
RA 1.3 4.2 1.2 19.0 4.2 4.9 −3.2
Dementia 6.2 6.9 6.2 3.1 6.9 7.0 −0.4
Cancer 11.0 11.0 11.0 0.1 11.0 10.6 1.3
Treatment (%)
Catecholamine 12.4 11.3 12.5 −3.8 11.3 10.6 2.1
IABP 1.0 0.9 1.0 −1.1 0.9 1.1 −1.7
PCPS 0.1 0.0 0.2 −3.6 0.0 0.1 −0.5
Artificial Ventilation 21.3 21.1 21.3 −0.5 21.1 20.8 0.7
Hemodialysis 4.6 29.5 3.1 76.8 29.5 28.3 2.6
PCI 4.9 5.2 4.9 1.6 5.2 5.1 0.7
Drug (%)
ACE-i/ARB 19.7 19.4 19.8 −0.8 19.4 21.0 −3.9
βblocker 9.1 8.0 9.2 −4.1 8.0 8.6 −1.9
Loop diuretic 19.4 18.4 19.4 −2.6 18.4 20.3 −4.8
K-sparing diuretic 10.1 7.4 10.3 −10.3 7.4 8.4 −3.7
Statin 13.1 13.5 13.0 1.2 13.5 13.7 −0.7
Hospital length (days) 18 (12–28) 19 (12–31) 17 (12–27) 13.1 19 (12–31) 18 (11–30) 14.9
Data are presented as percentage of patients or median (interquartile range). A standardized difference of < 10% suggests adequate
balance. Abbreviations: Vit.D, vitamin D supplementation; std.diff, standardization difference; BMI, body mass index; NYHA, New York
heart association functional class; HCM, hypertrophic cardiomyopathy; DCM, dilated cardiomyopathy; Af, atrial fibrillation; AFL, atrial
flatter; AT, atrial tachycardia, MI, myocardial infarction; PVD, peripheral vascular disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; RA, rheumatoid arthritis, IABP, intra-aortic balloon pumping; PCPS, percutaneous cardiopulmonary
system; PCI, percutaneous coronary intervention; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
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3.2. Outcomes
In-hospital mortality, mortality within 7 days and within 30 days of hospitalization
are summarized in Table 2. Even after matching, patients with vitamin D supplementation
had significantly lower in-hospital mortality (6.5 vs. 9.4%, p < 0.001; OR, 0.67, 95% CI:
0.58–0.77), mortality within 7 days of hospitalization (0.9 vs. 2.5%, p < 0.001; OR, 0.34, 95%
CI: 0.25–0.48), and mortality within 30 days of hospitalization (3.8 vs. 6.5%, p < 0.001; OR,
0.56, 95% CI: 0.47–0.67).
Table 2. In-hospital mortality before and after propensity score matching.
Non Matching Matching
In-Hospital
Mortality Vit.D (+) Vit.D (−) OR (95%CI) p-Value Vit.D (+) Vit.D (−) OR (95%CI) p-Value
Total (%) 357 (6.5) 7256 (8.2) 0.79 (0.71–0.88) <0.0001 357 (6.5) 515 (9.4) 0.67 (0.58–0.77) <0.0001
7 days (%) 48 (0.9) 1761 (2.0) 0.44 (0.33–0.58) <0.0001 48 (0.9) 138 (2.5) 0.34 (0.25–0.48) <0.0001
30 days (%) 207 (3.8) 5171 (5.9) 0.64 (0.55–0.73) <0.0001 207 (3.8) 358 (6.5) 0.56 (0.47–0.67) <0.0001
Data given as proportion. Abbreviations: OR, odds ratio.
Kaplan–Meier curves of in-hospital mortality were shown in Figure 2. Vitamin D




Figure 2. Kaplan Meier curves of in-hospital mortality and hospitalization days. Compar-
ison between with and without vitamin D (Vit.D) supplementation.
Multivariate analysis was performed with covariates that were significant in the
univariate analysis to assess the association with in-hospital mortality for all patients. Major
contributors were age, BMI, NYHA, hypertension, peripheral vascular disease, chronic
kidney disease, artificial ventilation, PCI, catecholamine, and atrial fibrillation/flutter in
this cohort. After adjustment of clinical backgrounds, vitamin D supplementation was
associated with low in-hospital mortality (OR, 0.63, 95% CI: 0.49–0.81, p < 0.001) (Table 3A).
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Table 3. Multivariate analysis of covariates for in-hospital mortality.
A: In all patients. See abbreviations in Table 1.
All
OR Lower Higher p
Vit.D 0.63 0.49 0.81 0.0003
Age 1.06 1.05 1.08 <0.0001
BMI 0.93 0.90 0.96 <0.0001
NYHA 1.18 1.04 1.33 0.0070
Male 1.00 0.74 1.35 0.9884
Smoking 0.93 0.67 1.31 0.6867
HT 0.39 0.30 0.51 <0.0001
DM 0.80 0.60 1.07 0.1398
DL 0.83 0.57 1.22 0.3445
MI 1.17 0.76 1.80 0.4721
PVD 1.88 1.19 2.96 0.0064
Stroke 0.96 0.62 1.50 0.8659
Dementia 1.21 0.78 1.87 0.4000
COPD 0.95 0.56 1.59 0.8370
RA 1.10 0.65 1.89 0.7187
CKD 1.65 1.19 2.30 0.0030
Cancer 0.84 0.57 1.24 0.3764
Hemodialysis 0.84 0.58 1.22 0.3669
Artificial Ventilation 2.55 1.95 3.33 <0.0001
PCI 0.22 0.10 0.47 <0.0001
IABP 1.04 0.44 2.43 0.9355
Catecholamines 4.59 3.50 6.02 <0.0001
Osteoporosis 0.76 0.48 1.19 0.2331
HCM 0.61 0.18 2.09 0.4338
Sarcoidosis 2.60 0.55 12.18 0.2253
Af/AFL 0.68 0.51 0.92 0.0107
B: In patients with vitamin D supplementation. See abbreviations in Table 1.
Vitamin D (+)
OR Lower Higher p
Age 1.07 1.04 1.09 <0.0001
BMI 0.97 0.92 1.02 0.2186
NYHA 1.22 1.01 1.48 0.0379
Male 0.62 0.37 1.02 0.0589
Smoking 1.10 0.64 1.87 0.7396
HT 0.33 0.22 0.52 <0.0001
DM 0.70 0.44 1.11 0.1257
DL 1.11 0.64 1.90 0.7187
MI 1.36 0.71 2.59 0.3519
PVD 2.24 1.18 4.27 0.0138
Stroke 1.25 0.66 2.37 0.4844
Dementia 1.17 0.59 2.31 0.6536
COPD 0.86 0.38 1.94 0.7122
RA 0.80 0.30 2.12 0.6558
CKD 1.68 0.95 2.99 0.0746
Cancer 1.09 0.60 1.98 0.7663
Hemodialysis 0.98 0.52 1.85 0.9510
Artificial Ventilation 2.18 1.44 3.31 0.0003
PCI 0.19 0.06 0.64 0.0075
IABP 1.34 0.40 4.49 0.6352
Catecholamines 4.91 3.24 7.43 <0.0001
Osteoporosis 0.61 0.36 1.04 0.0707
HCM 1.57 0.34 7.23 0.5659
Sarcoidosis 2.14 0.26 17.31 0.4763
Af/AFL 0.66 0.41 1.06 0.0822
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Table 3. Cont.
C: In patients without vitamin D supplementation. See abbreviations in Table 1.
Vitamin D (−)
OR Lower Higher p
Age 1.07 1.04 1.09 <0.0001
BMI 0.91 0.87 0.95 <0.0001
NYHA 1.14 0.97 1.33 0.1111
Male 1.36 0.93 2.01 0.1153
Smoking 0.83 0.54 1.30 0.4209
HT 0.43 0.30 0.60 <0.0001
DM 0.87 0.59 1.28 0.4857
DL 0.64 0.37 1.10 0.1087
MI 1.06 0.59 1.90 0.8573
PVD 1.53 0.79 2.95 0.2038
Stroke 0.77 0.40 1.45 0.4106
Dementia 1.20 0.67 2.15 0.5442
COPD 1.01 0.51 1.99 0.9816
RA 1.19 0.61 2.31 0.6059
CKD 1.55 1.02 2.36 0.0386
Cancer 0.75 0.45 1.26 0.2757
Hemodialysis 0.78 0.48 1.26 0.3036
Artificial Ventilation 3.03 2.12 4.32 <0.0001
PCI 0.25 0.09 0.65 0.0048
IABP 0.74 0.21 2.59 0.6374
Catecholamines 4.72 3.26 6.82 <0.0001
Osteoporosis 1.85 0.76 4.50 0.1746
HCM 0.24 0.03 2.05 0.1939
Sarcoidosis 3.58 0.35 36.60 0.2815
Af/AFL 0.70 0.48 1.02 0.0632
In multivariate analysis, there were many same risks (Table 3B,C: age, hypertension,
artificial ventilator, PCI, catecholamine) for in-hospital mortality in vitamin D (+) and
vitamin D (−). We have checked the difference of ORs between two groups for the
risk distribution. Osteoporosis patients seemed to be protected in vitamin D (+) group,
however, to be at increased risk in vitamin D (−) group. Based on this result, especially
osteoporosis patients may have benefits from vitamin D supplementation during heart
failure admissions. For hemodialysis and chronic kidney disease, there seemed to be
small benefit in using vitamin D from ORs. BMI was associated with death in patients
taking vitamin D (OR, 0.91, 95% CI: 0.87–0.95, p < 0.001), however, BMI was not associated
with mortality in patients with vitamin D supplementation (OR, 0.97, 95% CI: 0.92–1.02,
p = 0.22). The BMI may be an extra risk beyond the selection of patients with kidney disease
or osteoporosis.
Predictive values using ROC analysis for in-hospital morality were good (Supplemen-
tal Figure S2: C-statistics: 0.85 for vitamin D (+) and 0.84 for vitamin D (−)) compared with
the previous prediction models [15]. Thus, we thought that risk prediction performance
was not different in both populations.
3.3. Subgroup-Analysis
Mortality in each sub-group, forest plots of OR are shown in Figure 3. Regardless
of gender, BMI, NYHA, hypertension, and chronic kidney disease, patients with vitamin
D supplementation had significantly lower in-hospital mortality than matched patients.
Mortalities in patients with age < 75 (OR, 0.84, 95% CI: 0.59–1.24, p = 0.54), diabetes (OR,
0.75, 95% CI: 0.56–1.02, p =0.06), dyslipidemia (OR, 0.67, 95% CI: 0.42–1.07, p = 0.09),
Af/AFL (OR, 0.79, 95% CI: 0.58–1.07, p = 0.13), cancer (OR, 0.71, 95% CI: 0.47–1.07, p = 0.10),
ACEi/ARB medication (OR, 0.72, 95% CI: 0.47–1.10, p = 0.13), and β-blocker usage (OR,
0.80, 95% CI: 0.41–1.57, p = 0.51) were not affected by vitamin D supplementation. Thus,
Nutrients 2021, 13, 335 8 of 12
this analysis suggested that there were specific clinical characteristics in patients benefitting
from vitamin D supplementation.
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Figure 3. Odds ratio of in-hospital mortality. Patients with vitamin D compared with matched
patients without vitamin D. Dots and lines mean OR and 95% CI, respectively.
4. Discussion
The main findings of the present study were (1) HF patients with vitamin D sup-
plementation had significantly lower in-hospital mortality and mortality within 7 and
30 days of hospitalization in the propensity matched cohort; (2) mortalities in patients
with age < 75, diabetes, dyslipidemia, atrial arrhythmia, cancer, renin-angiotensin system
blocker medication, and β-blocker were not affected by vitamin D supplementation; (3) by
multivariate analysis we identified that it was mainly osteoporosis patients that benefit
from being treated with vitamin D supplementation when they were admitted for HF. Mor-
tality was consistently low in patients with vitamin D supplementation at 7 days, 30 days,
and during hospitalization. On the other hand, there are specific clinical characteristics in
HF patients who do not benefit much from vitamin D. The identification of specific clinical
characteristics in patients benefitting from vitamin D may be useful in determining targets
of future studies.
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4.1. Impact of Vitamin D on HF Mortality
Although there is much evidence showing that a lack of vitamin D could result in
poor prognosis among patients with HF, different studies have reported controversial
results about the benefit of vitamin D supplementation in patients with HF. In recent years,
there were some randomized control trials for the effects of vitamin D on patients with
HF. For example, the Vitamin D treating patients with chronic heart failure (VINDICATE)
study showed that vitamin D supplementation has beneficial effect on left ventricular (LV)
structure and function [11]. An individual participant data meta-analysis observed an
association between low vitamin D level and increased risk of all-cause mortality [16]. On
the other hand, another meta-analysis reported that vitamin D supplementation did not
improve LV ejection fraction and 6-min walk distance in the treatment of chronic HF [17].
A recent updated meta-analysis also reported that vitamin D supplementation was not
significantly associated with reduced major adverse cardiovascular events [18].
While randomized clinical trials (RCT) provide a foundation for clinical evidence, trials
are often performed in highly controlled environments with narrow inclusion and exclusion
criteria, which reduces their generalizability and external validity. Highly protocolled
care in an RCT may differ substantially from interventions in routine settings [19]. The
Mendelian Randomization study is a new concept of analysis, however, the genetic variants
are unclear in the vitamin D3 levels [20]. A notably limitation of these trials is that none
were focused on vitamin D supplementation in patients with high-risk cohort including
NYHA 3 and 4. From our subgroup analysis, patients, the effect of vitamin D on in-hospital
mortality was seemed to be greater in NYHA III-IV patients compared with NYHA I-II
(NYHA III-IV: OR: 0.63, p < 0.001 and NYHA I-II: OR: 0.72, p = 0.014). We believe that the
key to proving the worth of vitamin D supplementation is to create clinical studies that
also involve a significant number of decompensated HF patients.
4.2. Mechanisms of Vitamin D for HF
There are some theories for the association between vitamin D and HF prognosis. In
HF, cardiac contraction and relaxation are affected due to overload of Ca2+ ions in myocar-
dial cells. Lack of vitamin D may intervene with the functions of Ca2+ in myocardial cells,
resulting in cardiomyocyte hypertrophy, intra-organisational inflammatory reaction and
fibrosis [21,22]. Low vitamin D levels may activate the renin–angiotensin system [23], give
rise to inflammatory reactions [24] and result in endothelial dysfunction [25]. Interestingly,
our subgroup analysis suggested that patients without ACEi/ARB had received more
beneficial effects from vitamin D in regards to in-hospital mortality. The effect of vitamin D
was more pronounced in patients without ACEi/ARB usage, hence suggesting an activated
renin–angiotensin system in these patients.
The effects of vitamin D on the cardiovascular system are additionally mediated
through elevated parathyroid hormone levels [26]. An age-related increase in parathyroid
hormone levels has been demonstrated in several studies [27]. In our cohort, elderly pa-
tients (with suspected elevation of parathyroid hormone) with vitamin D supplementation
were associated with lower in-hospital mortality (age < 75: OR: 0.84, p = 0.40 and age ≥ 75:
OR: 0.66, p < 0.001). This result may suggest a link between vitamin D and elevated
parathyroid hormone levels in the cardiovascular system. Based on the basic knowledge of
these mechanisms, the link between vitamin D and prognosis in HF may be explained.
4.3. Clinical Implication
Even with the current wealth of guidelines and recommendations about HF and
development of many new treatment methods, HF is associated with a high in-hospital
mortality [1]. For patients with HF, vitamin D supplementation is a low-cost low-risk
choice, and certain patients may benefit greatly from this therapy. According to our data
from the large high-risk HF cohort, patients with vitamin D supplementation had lower
mortality, and specific clinical characteristics were linked to better in-hospital mortality.
The identified specific clinical characteristics that might be useful for future RCT studies.
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4.4. Limitations
The study based on ICD codes has several limitations. First, we analyzed only patients
with HF hospitalized in facilities contributing to the database, which may lead to selection
bias. Second, the database has no information on echocardiography or laboratory data to
assess the prognosis of HF. Third, the database lacked information on the specific doses of
vitamin D supplementation in each patient. Dose dependency was unable to be examined.
Forth, propensity score-matching reports the potential differences between groups, with
only a certain degree of accuracy. Despite the application of propensity matching to the
comparator group of patients, this non-randomized observational study could still be
subject to hidden biases related to patient selection, because of unknown unadjusted differ-
ences. To overcome this issue, we used treatment devices and catecholamine medication
as markers of HF severity. All-cause mortality was used as the primary end point in our
patient population. The most likely cause of death in our patient population is HF, given
the known high-risk nature of our patient population. The patients in this study are mostly
Japanese. Results may differ due to racial or cultural differences in other countries. The
JROAD-DPC dataset extracts only a record which contains all types of cardiovascular dis-
eases in any categories of diagnosis based on the DPC dataset in Ministry of Health, Labor
and Welfare in Japan. The DPC dataset has already been validated in past studies [28].
However, we were unable to check the undefined diseases by the coding system in our final
dataset. This registry data does not include laboratory data. However, there would be no
difference in background between the two groups as we corrected for many confounding
factors. Finally, the results cannot be applied to all heart failure admissions. The results can
be applied to the group of patients who should receive vitamin D supplementation but did
not get it. The reason is that there were many osteoporosis and hemodialysis patients in
both groups. Thus, the vitamin D group was suspected to have higher serum 25(OH)D
compared with the non-vitamin D group. Considering these limitations, the present study
should be considered as a hypothesis generating study for future RCT studies.
5. Conclusions
Patients with vitamin D supplementation had a lower in-hospital mortality for HF
than patients without vitamin D supplementation in this propensity matched cohort. The
causality should be tested in the future RCTs in specific population based on our study.
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